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Introduction 


In formulating an equation for the thermal conductivity A of steam 

we consider the thermal conductivity A(p,T) as a function of the 

density p and the temperature T. The zero density thermal conductivity 

A (T) is defined as 
o 

A q (T) = limA(p.T) (1) 

p-*o 

At the meeting of the Special Committee of IAPS at Kyoto, Japan, 

1976, we presented a preliminary analysis of A q (T) for steam.'*' As 

pointed out in the preceding paper^- the analysis suffered from defects. 

2 

First, since the data survey compiled by the German delegation did 
not include thermal conductivity data for water vapor below 100°C, the 
equation could not be reliably extrapolated to temperatures below 100°C. 
Secondly, in our preliminary analysis we identified A q (T) with the 
observed thermal conductivity at atmospheric pressures, thus neglecting 
non- ideality effects between 0 and 1 atmosphere. 

In this report we present the results of an analysis in which 
these two defects have been remedied. 

2. Data sources 

For the purpose of this analysis we considered experimental thermal 

conductivity data at pressures of 1 atmosphere and below. The sources 

of the experimental data used are listed in Table I. The actual data 

used in the analysis are given in the Appendix. The data are based on 

2 

the data survey of Scheffler, et al. In addition we included low 

density data below 100° C obtained by Milverton‘S as was recommended by 

18 

Alexandrov and Matveev at the Kyoto meeting of the special committee. 


- 1 - 
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Table I 

Sources of Experimental Data 


Code References 


1120 

Timrot 

3 


1130 

Vargaftik 

4 


1100 

Vargaftik 

5 


1200 

Vargaftik 

6 


1310 

Vargaftik 

7 


1260 

Venart 

8 


1320 

Brain 

9 


1450 

Mashirow 

10 


1360 

LeNeindre 

11 


1380 

Brain 

12 


1440 

Bury 

13 


1410 

LeNeindre 

14 


1430 

Tarzimanow 

15 


1470 

Vargaftik 

16 



Milverton 

17 



We considered the initial density 

dependence of the 

thermal 

conductivity and applied a correction 

for the difference 

between the 

thermal conductivity at the density measured and the thermal conductivity 

in the zero density limit. This correction turned out to 

be significant 


at temperatures below 300°C. Data corrected for this density dependence 
are labeled with an asterisk in the Appendix. 
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3. Results of Analysis 

The data listed in the Appendix were fitted to an equation of 
the form 

r- n -k -1 

A = JT[ I a k T k ] (2) 

k=o 

where T represents the temperature in Kelvin. This equation is of the 

same form as that used for the adopted representation of the viscosity 
19 

of steam and was recommended at the Kyoto meeting of the Special 

Committee as the most appropriate one. In fitting the equation to 

the experimental data we assumed that all data had the same relative 

2 

error. Specifically, in fitting A we used as weights (100/A) so that 
the standard deviation O was returned as a percentage. 

In Table II we present the residual standard deviation a as a 
function of the number of terms retained in the equation. The minimum 
standard deviation is obtained for n = 4. However, the reduction in 
the standard deviation when going from n = 3 to n = 4 is quite small. 
We give here the values for the coefficients for both n = 3 and n = 4. 


Table II 

Standard deviation as a function of number of terms in equation (2) 


n = 

2 

0 = 

1.70% 

n = 

3 

a = 

1.48% 

n = 

4 

a = 

1.46% 

n = 

5 

o = 

1.46% 

n = 

6 

a = 

1.46% 
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Sengers 1 : 


3., 3.n 3-t 1 _o 

X (T) = /f [a + - 1 + -f + -f ] X 10 

T T 


with 


a = +0.1101535 
o 

a 1 = +0.1095266 x 10 3 
a 2 = +0.1339522 x 10 6 
a 3 = -0.02874601 x 10 9 


Sengers 2: 


X (T) = /f [a 
o o 




with 


(3a) 


(3b) 


(4a) 


a = -0.0391792 
o 

= +0.4964565 x 10 3 

a 2 = -0.2216254 x 10 6 (4b) 

a 3 = +0.1091682 x 10 9 

a. = -0.1914082 x 10 U 
4 

where X (T) is expressed in W/mK. A plot of the deviations (X - X . )/X 

o exp calc exp 

for equation (3) is presented in Fig. 1 and for equation (4) in Fig. 2. 

Both equations represent the zero density thermal conductivity within 

the estimated experimental error of 2% to 3%. Equation (3) has the 

advantage that it is simple and that it preserves the analogy with 

19 

the equation adopted for the viscosity. 
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A similar equation was proposed by Alexandrov and Matveev 


Alexandrov: 


19 9 -1 -1 

A„(T) = /£[ a o + y + “7 + — J xlO 


2 3 

T T 


with 


a = +0.0514485 
o 

a, = +0.2323841 x 10 3 
a 2 = +0.5602307 x 10 5 
a 3 = -0.1392744 x 10 8 

A plot of the deviations (A - A , )/A for this equation is 

exp calc exp 1 

presented in Fig. 3. The deviation plot is very similar to those 
obtained from equations (3) and (4) except for a few data points 
at low temperatures. The latter difference is probably due to a 
different estimate of the nonideality corrections applied to the 


data. 


Yata and Minamiyama have proposed the equation 


Yata: 


A (T) = v*T[a' + a ' T + a ' T 2 + a l T 3 ] x 10 
o o 1 2 3 


with 

a’ = +0.404097 
o 

a^ = +0.181934 x 10 -2 ( 

a' 2 = +0.146476 x 10 -5 

a' 3 = -0.612237 x 10" 9 

A plot of the deviations (A - A . )/A for this equation is 

exp calc exp 

presented in Fig. 4. The plot reveals systematic deviations at 


temperatures below 300°C. We venture to suggest that these systematic 
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deviations are due to the fact that nonideality corrections were 
not accounted for in fitting equation (6) to the data. 

4. Conclusions 

Our first choice is equation. (3a) with parameters (3b) to 
represent A q (T). Equation (5a") with parameters (5b) proposed by 
Alexandrov and Matveev would also be acceptable. Equation 6(a) 
with parameters (6b) proposed by Yata and Minamiyama leads to systematic 
bias at low temperatures . 
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Appendix: Comparison between experimental and calculated values of X . 

o 


Explanation of computer output. 


Column 1 
Column 2 
Column 3 
Column 4 
Column 5 


Temperature in degree C 
Temperature in Kelvin 


Values of X q from experimental 

(X -X ,)/X with X 

exp calc exp calc 

(X - X ) /X with X 

exp calc exp calc 


(X - X . )/X with X 
exp calc exp calc 


Column 6 
Column 7: (X 

Column 8: Experimental data sources. 


- X . )/X with X 1 
exn calc exp calc 


data sources in milliwatt/m K. 
from equation (3) 

from equation (4) 
from equation (5) 
from equation (6) 



OMNI TAB 


PAGE 1 


ZERO DENSITY THERMAL CONDUCTIVITY 
STEAM 

DEGREE C KELVIN LAMBDA 


2.QQ40000+Q2 
2. 05V OOOO* 02 

mm® 
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ml 
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3.4980000+02 
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5.9264999+02 
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7.8365 
6.4839 
2.8759 
•1.7740 
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~- 8 ? 


2 

03 


99 

786 .. 

m 

«8:8i 
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— 3 . 26 8 C 
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6.4661 


6.5009999+01 
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8.8969999+01 
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4. 7100000 + 01 
4.9310000+01 
6.9200Q00+Q1 
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:1 


3.0934208-02 
‘ .1055498-02 


-1.8032435- 
-8. 7310404- 


.8428449-gJ 
9.6020 14^-05 


.3086 741 


9.1693844 

. 4.5826804-03 

-3.7715549-03 -3.9776462-03 


3.5695393-02 
2.1228981-02 

^774^605-81 

-2.2037226-02 
-2 .4420867-02 
-2.2678112-02 

zuim -] 

-3.6879743-03 
1.1863063-02 
-1.4817784-02 
5.3044945-03 

1 . 


ALEXANDROV 


3.8995927-02 
2.9331004-02 
1.6615130-02 
1.7902737-02 
“ .3481736-02 


TATA 

-5.4552856-02 
-4. 4308557-02 
3.1140189-02 


:! 


.2036215-02 
.1869309-02 
-4.0778844-02 

-1.3396484-02 
3. 0697921-02 
1.9430888-03 
-4.8922010-03 
-1 .0047745-03 
-4. 8906559-03 


:1 


2 .8596433-^2 


.3779596- 
.8880261-02 
. .8315795-02 _ 
-5.6362469-02 


-f if 

i map 






6.3214999+02 4.9310000+01 -1.0030184-02 -1.1969783-02 

9. 5333918-^| 


81 


3.2856518- 
-1.3745954-02 
1.8680055-^ 


-1.1446732-02 -1.2062065-02 

“ 1 .1787251-02 

-1 .5682918-02 
6.2350346-03 


3.7421142-02 
1.8541524-02 
-j. 9375921-02 
-1.6762555-02 
-2.7872205-02 
2.6212494-02 
2. 0869933-02 
3.6898280-02 


1.1155293-02 
-1.6350952-02 
-6. 9922250-03 
3. 4757091-02 

Wimdi 

-7.6614206-03 
5.6182762-03 
-2.6784952-03 

2.4674193-02 
1.5329749-02 

-2.5989625-02 - 

1 .8 158285-02 


-i 


1 


.9024266-02 

.8275735-02 




3.5945076-02 
-1 .7243339-02 
* -7 648-Q2 

r 5 8 1 —0 3 

J 093-03 

-6.1397548-03 _ 

1.2629347-02 

.1347043-02 

*.3^4^486-81 

:*SilM:8i 

.6223876-02 
3.8645569-02 

klttlttWh 


1575-03 


1.9454267-02 
2.04052 55-02 
1.8775057-02 

‘:W8W:81 

-6. 2935430-03 
9. 7443428-03 


:1 


-I 


-1.7523080-02 -1 .6310486-02 

.1296382-02 

.9771747-02 
.8358295-02 
1 .4659964-02 
-8.0837565-03 
8.9941680-03 

wmi 


.9723166-02 
.8099692-02 
-1 .4825844-02 
-1. 0487148-02 
-6.6327238-03 
9.9267613-03 
-9.7152677-03 


Tim rot mo 


-V “ — 


1 /arqattik H30 


Vargaf h k //oo 

Vatgaft'k Moo 


V 

A 


//// 13/ 0 
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STEAM 
> DEGREE C 


^:?I18888:8I 

7. 2420000+02 

f;p« 

8.3 56JQ0O+i)2 
8.3600QU0+02 
8. 407QOOQ+Q2 
8.9620000+02 


1.3400000+02 

temmi 

2.0 1OOQ0O+O2 
•*2 4 e09o+O2 
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.0590000+02 

'.mmm 

1.0630000+02 
)630000+02 

liii 

2.3490000+02 

3.1090000+02 

3.1 100000+02 

.1000000+02 
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.4000000+02 
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YATA 
-9.0769075-03 
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1.5529371-02 
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